Background: Robotic total mesorectal excision (R-TME) is expected to have advan-
| INTRODUCTION
Laparoscopic surgery for colorectal cancer is an accepted modality of treatment, as several recent randomized controlled trials have demonstrated that laparoscopic total mesorectal excision (L-TME) is superior to open TME. [1] [2] [3] Laparoscopic surgery is associated with clearer intraoperative view and improved short-term outcomes such as better analgesia, better cosmetic results, faster recovery time, and shorter
hospital stay than open surgery. [1] [2] [3] In narrow pelvis, lower rectal tumour, and anatomical complexity, laparoscopic resection of rectal cancer is technically demanding. 4 The da Vinci surgical system was developed to reduce laparoscopic limitations and offer the advantages of laparoscopic instruments with wristed articulation, 3-D and magnified view, a stable camera platform, dexterity enhancement, and tremor filtering. The technological advantages of robotic surgery should also allow a finer dissection in a narrow pelvic cavity. [5] [6] [7] The short-term outcomes of robot-assisted colorectal surgery have indicated its safety and feasibility. [8] [9] [10] [11] [12] Both laparoscopic and robotic TME (R-TME) for rectal cancer have been proven to be safe and effective. However, there are still limited reports regarding the true benefits of R-TME. This case-matched study aimed to evaluate the shortterm outcomes between totally R-TME and L-TME for rectal cancer.
| PATIENTS AND METHODS
Between June 2013 and December 2017, a total of 376 patients who underwent robotic surgery or laparoscopic surgery (first 160 cases)
for colorectal cancer were identified. The patient details were collected from the prospective database maintained by the Division of 
| SURGICAL METHOD
In the present study, all patients underwent single docking, single stage, totally robotic TME using the da Vinci Surgical System Xi (Intuitive Surgical, Sunnyvale, CA, USA) as presented in our previous publication.
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FIGURE 1 Cohort diagram of the study population 
| RESULTS
One hundred sixty-eight patients (84 matched pairs) were included in this study. The distribution of the propensity scores of the matched treatment (R-TME) and control (L-TME) groups is illustrated in Figure 2 .
| PATIENT CHARACTERISTICS
The demographic characteristics of the patients are summarized in between the L-TME and R-TME groups in the adjusted analysis using 1:1 propensity score matching, and no relevant differences were found between the two groups in terms of age, gender, BMI, ASA score, tumour location, T Stage, N-stage, and neoadjuvant therapy.
| SURGICAL DETAILS
The surgical details of patients who underwent L-TME versus R-TME are summarized in Table 2 . The most common resection type in L-TME was low anterior resection (LAR) (40.5%, n = 34), and the intersphincteric resection (ISR) was the commonest in R-TME (42.9%, n = 36). The ratio of the resection type significantly differed between the two groups (P = 0.006). The diversion ileostomy rates were significantly higher in R-TME than the L-TME group (90.5% vs.
77.4%, P = 0.011). The operative duration was significantly longer in R-TME than the L-TME (372.4 ± 102.8 vs. 301 ± 53.6 min, P = 0.000). No significant differences were found between the groups with regard to conversion rates, lateral pelvic lymph node dissection, and estimated blood loss.
| PATHOLOGIC OUTCOMES
The pathological outcomes are presented in Table 3 . The most common pathological T stage in both the groups was pT3, 42.9%, (n = 36) and 35.7% (n = 30) in the L-TME and R-TME groups, respectively. The lymph node positive rate in L-TME was 33.3% and 30.9% in R-TME. The mean number of retrieved lymph nodes in L-TME and R-TME was 14.6 ± 9.2 and 14.1 ± 9.5, respectively. R-TME group had marginally high CRM positive rates when compared with L-TME; however, it did not reach statistical significance (3.5% vs. 0%, P = 0.081).
All CRM-positive patients were locally advanced, post-NACRT residual disease in the lower third of rectum, who had underwent ISR. Only 1.1% (1 case) in L-TME had positive distal resection margin and none in R-TME group.
| POSTOPERATIVE COMPLICATIONS
Eighty-one percent (68 of 84) in L-TME and 78.6% (66 of 84) in R-TME had no complications. R-TME was reported to have more C-D Grades I and II, minor complications than L-TME (10.3% vs. 3.6%), while C-D grade IIIB, major complications were significantly higher in L-TME in comparison with R-TME (13.1% vs. 4.8%, p = 0.034). Anastomotic leakage was significantly higher in L-TME than R-TME (9.5% vs. 1.2%, P = 0.016) ( Table 4) . Eight patients in L-TME had manifestations of anastomotic leak, of which six, one, and one had underwent LAR, ISR, and anterior resection (AR), respectively. Only one AR in R-TME had anastomotic leak. The univariate analysis of potential factors contributing to anastomotic leak like age, gender, ASA score, BMI, location of the tumour, neoadjuvant therapy, surgical procedure, surgical approach (laparoscopic/robotic), diversion stoma, and blood loss showed only laparoscopic approach and diversion stoma as relevant attributable factors for anastomotic leak. The multivariate analysis using Firth logistic regression confirmed that leak rates were significantly higher in laparoscopic approach (P = 0.078) and patients without diversion stoma (P = 0.057).
| DISCUSSION
The primary objective of this study was to compare the short-term outcomes and oncologic quality between initial L-TME cases with R -TME in rectal cancer patients. Over the past 4 years (June 2013- This case-matched study included 168 patients (84 match pairs).
Although there are inevitable hidden confounding factors from unmatched variables, the propensity score matching helps to reduce the selection bias between the groups. In the current study, 42.9%
(36/84) in R-TME group and 25% (21/84) in L-TME group were offered ISR. Several studies have compared open and laparoscopic ISR for low rectal cancer and have reported laparoscopic ISR as a feasible sphincter-saving treatment option without compromising the morbidity and oncological outcomes. However, laparoscopic ISR requires advanced skill and considerable experience for precise dissection in the narrow pelvic space near the anal canal. The learning curve for laparoscopic ISR was considered difficult to overcome. 15, 16 Robotic surgery would overcome the limitations associated with laparoscopic surgery. This preferential high rates of ISR in R-TME group is attributed to superior movements of the wristed instruments and better dexterity under stable magnified view, which enables an operator to secure a clear view and excellent visibility of the neurovascular FIGURE 2 Jitter plot of propensity scores and histogram of standardised differences used for assessing the overall propensity score distribution between treatment (robotic total mesorectal excision [R-TME]) and control (laparoscopic total mesorectal excision [L-TME]) groups bundles, levatorani muscle, presacral fascia, seminal vesicle or vagina, and Denonvilliers' fascia, thus facilitating precise and sharp dissection near the anal canal or up to anus in pelvic phase. 17 We report that a laparoscopically experienced surgeon is adequately prepared to perform safe and effective robotic ISR even at an early period of experience. Majority of the patients in the present study were locally advanced, and 66.7% had received NACRT. Diversion ileostomy rates were significantly high in R-TME in comparison with L-TME (90.5%
vs. 77.4%, P = 0.011), this difference possibly due to high rates of ISR in R-TME group. Park et al 16 Our study reported significantly longer operative duration for R-TME than L-TME (372.4 ± 102.8 min vs. 301 ± 53.6 min, P = 0.000).
The operative time included the robot docking time. At our institute, the residents and fellows are actively involved in the docking as a part of the training curriculum. The residents and fellows change periodically, and this adds on to the operative time while the new team is still in the learning curve of docking, and this could be the possible reason for the longer duration of operative time. Several studies have reported significantly longer operating time in the robotic rectal surgery than in laparoscopic rectal surgery 7, 19, 20 ; however, systemic review and meta-analysis reported that there were no significant differences in operating time. 21, 22 The length of postoperative stay was shorter in R-TME compared with L-TME (7.2 ± 3.4 days vs.
8.1 ± 4.7 days, P = 0.177); however, it failed to reach statistical significance. The meta-analysis by Sun et al 22 reported a significant shorter hospital stay. There was one conversion (1.2%) to laparotomy in the L-TME group due to severely narrow pelvis and rectal perforation, and there was one conversion (1.2%) in the R-TME group. The reason for conversion in the R-TME group was attributed to the host factor rather than to technical difficulties, as the patient had rectal cancer invading the ureter, which required ureteric resection and end-toend ureteric anastomosis. The conversion rates were identical in both the groups, in contrast to various other studies, which reported low conversion rates in R-TME. 12, [23] [24] [25] [26] [27] The mean number of harvested Before case matching After case matching L-TME (n = 113) R-TME (n = 100) P value L-TME (n = 84) R-TME (n = 84) P value Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; L-TME, laparoscopic total mesorectal excision; R-TME, robotic total mesorectal excision.
TABLE 2 Operative details of propensity score matched cohort
Operative detail L-TME (n = 84) R-TME (n = 84) Abbreviations: AR, Anterior resection; LAR, low anterior resection; L-TME, laparoscopic total mesorectal excision; ISR, intersphincteric resection; R-TME, robotic total mesorectal excision; TPE, total pelvic exenteration.
nodes was 14 and comparable between the groups, and similar observations were reported in multiple studies. 12, [23] [24] [25] [26] [27] Our evaluation of CRM positivity and DRM involvement assessed the quality of mesorectal excision. The CRM involvement rate was higher in the R-TME group than in the L-TME group, but the difference was not statistically significant. All three patients did not consent for completion APR and chose to be under close surveillance after completing adjuvant chemotherapy. In the present study, major complications requiring radiologic intervention or surgical treatment were included in C-D Grade IIIA-IIIB. The R-TME group had significantly lesser Grade IIIB complications than L-TME (4.8% vs. 13.1%, P = 0.034). Sun et al 22 reported similar observations. The R-TME was associated with significantly lower anastomotic leak when compared with L-TME (1.2% vs.
9.5%, P = 0.016); however, various studies have reported no significant difference in anastomotic leak between the groups. 27-30 Kayano et al 31 reported that laparoscopic conversion rates were significantly reduced after performing 151-200 cases, and the associated morbidity was reduced after 201-250 laparoscopic cases. In the present study, anastomotic leak occurred in eight patients in L-TME, two patients were managed conservatively, two patients underwent laparoscopic pelvic lavage and defunctional stoma for pelvic limited contamination, and four patients underwent exploratory laparotomy with peritoneal lavage, and in two of them a defunctioning stoma was performed. One patient in R-TME underwent exploratory laparotomy and defunctional colostomy. This case-matched study aimed to evaluate the potential advantages of robotic surgery in rectal cancer patients by comparing totally R-TME with L-TME. To the best of our knowledge, this is the first study to be reported from the Indian subcontinent where the incidence of rectal cancer is more common in the population younger than 45 years, 32, 33 unlike in the west. The mean age group in this study was 48 years. These young age group patients present more commonly with poor histology, node-positive disease and have locally advanced bulky tumour, which relatively less favourably respond to NACRT. All patients in our study underwent restaging MRI following NACRT. If CRM was persistently positive, additional 4 cycles of capecitabine and oxaliplatin were administered for optimal down staging. 34 The limitation of our study is a lack of data on urologic and sexual function, which may have reflected the quality of rectal dissection, and we did not assess the cost-efficiency of robotic surgery. In conclusion, our preliminary observations suggest that L-TME and R-TME can be safely performed at high volume centres for rectal cancer with acceptable clinical and oncologic outcomes. We report that R-TME was associated with significantly fewer complications and anastomotic leakage and shorter postoperative stay. For experienced laparoscopic surgeons, robotic sphincter-saving TME is associated with Abbreviations: GIST, gastrointestinal stromal tumour; L-TME, laparoscopic total mesorectal excision; R-TME, robotic total mesorectal excision; Tx, primary tumour cannot be evaluated.
TABLE 4 Postoperative complications
Complication L-TME (n = 84) R-TME (n = 84) P value Abbreviations: C-D, Clavien-Dindo; L-TME, laparoscopic total mesorectal excision; R-TME, robotic total mesorectal excision.
lower morbidity when compared with similar phase of laparoscopic approach. The sexual and bladder functional outcomes of R-TME are being evaluated.
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